and cannot ®nd much wrong. After the patient has gone he says to the nurse`Lucky chap, no residual disability'. The patient leaves the surgery in a very despondent state, and ®nds his way to the bank ± since his stroke he has lost his job, his wife has had an affair with one of the neighbours and he has an overdraft resulting from the extra expense of being disabled.
The`I Love You' virus and its implications for genodiversity
In early May, the message`I Love You' appeared among e-mails of computer users worldwide. The attached virus, since dubbed the Love Bug, infected up to 45 million computers 1 , paralysed bodies ranging from the World Health Organization to the Pentagon 2 and is said to have cost business tens of billions of pounds in the UK alone 3 . This was not the ®rst such global attack. Like the earlier Melissa virus, the Love Bug hijacked Microsoft Outlook's address book and sent its own code to the ®rst ®fty addresses. Coming from a familiar address, it was likely to be opened. In the manner of other worm viruses 4 the Love Bug corrupted data on infected machines but it also overwrote some types of ®les, being further propagated when the user tried to open them 5 . The rate of spread was such that, in theory, six iterations could reach over ®fteen billion recipientsÐnearly three times the total global population. The Love Bug affected only software created by Microsoft 6 , taking advantage of recent changes designed to improve performanceÐbut over 90% of desktop compu-ters at present use Microsoft software. This software monoculture creates a system with an intrinsically high risk of catastrophic failure.
Anxiety about the risks of monocultures is not con®ned to computers. Concerns about genetically modi®ed organisms extend beyond the potential ecological impact of their release into the environment, the economic and ethical implications of treating staple foodstuffs as intellectual property and any potential impact of consumption on human health 7±9 to include the risk of catastrophic failure by`putting all the eggs into one basket'. Should other concerns be allayed, there is likely to be great demand for a`wonder crop'Ðcheap, easy to grow and nutritious. The large capital investment needed for technical development and satisfaction of regulatory requirements, and the relatively small number of players, could easily lead to the almost universal use of a single strain of a crop, with uniform susceptibility to disease or environmental factors. Such a crop, while possibly cheaper, hardier and more nutritious than existing strains, would be susceptible to massive failure in the face of novel pathogens or environmental threats. History provides many examples of how political and economic circumstances can lead to undue dependence on a single crop. The lack of diversity in Irish agriculture in the 1840s meant that, when the potato fell victim to Phaetophthera infestans, famine resulted, with over a million deaths. In the early 1990s, central Asian republics that were overly dependent on cotton production were brought to the brink of economic collapse bȳ uctuations in the cotton market 8 . In the future, the risk of intentional action, through bioterrorism or other means, cannot be ignored. The risk is greatest where there is little genotypic diversity within a species. Centuries of selective breeding of grapevines led to susceptibility to Phylloxera, which devastated the French vine crop in the mid-twentieth century. The European wine industry owes its survival to the existence of genetically different rootstock that was imported from America. A more genetically diverse crop might have been more resistant. In the past, such examples arose from lengthy processes of selective breeding. The development of genetic modi®cation and cloning have accelerated and extended this process greatly. There is a danger that the short-term commercial bene®ts of more uniform fruit and vegetables will overshadow the less tangible disadvantages of a loss of biodiversity.
Looking further ahead, a similar case can be made for the maintenance of diversity in the human genome. Some authors are seriously proposing a new kind of eugenics, setting aside the taboos that arose from atrocities in the twentieth century. The episodes of genocide 11 and forced sterilization 12 were characterized by coercion, but this, they argue, should not be equated with voluntary choices by parents, any more than with the choices parents now make about whether their children have music or sports lessons 13 . There may be scienti®c evidence of bene®t from a particular genotype. For example, the observation that HIV infection progresses slowly in individuals with certain HLA alleles 14 could make possession of these histocompatibility genotypes highly sought-after. Some writers further argue that there are certain characteristics, such as strength or visual acuity, that are universally desired 13 . This is borne out by the way in which individuals choose their mates 15 . Historically, the choice of a suitable partner was the only way one could try to enhance one's offspring. Newer genetic techniques, however, have already led to the practice of selling or auctioning the gametes of persons with`desirable' characteristics 16 Ða taste of things to come. Given the degree of desirability apportioned to certain phenotypes (whether rightly or not), demand for the genotypes that code for them is likely to be great. Whilst on an individual level there may be bene®t to the families who choose these genes (at least those families who can afford to), in aggregate they may do harm to humanity through the loss of genetic diversity. In HG Wells' The War of the Worlds, the technologically advanced Martian invaders are wiped out by exposure to Earth's simplest organisms 17 . Genodiversity is an essential element of protection against a similar fate when we confront a novel pathogen. As with computers, strength lies in diversity.
Steve Hajioff

Martin McKee
European Centre on Health of Societies in Transition, London School of Hygiene & Tropical Medicine, London WC1E 7HT, UK
